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REMARKS 



Claim 34 has been cancelled thus rendering moot the objection to that claim under 37 
CFR L75(c). 

Claim 1 has been amended to clarify that the alloy is cooled to 0° by quenching in ice 
water in step (4). 

The non-statutory double patenting rejection is noted. Applicants will file a Terminal 
Disclaimer once the application is otherwise indicated to be allowable. 

Turning to the art rejection, the Examiner acknowledges the claims are novel; however, 
the Examiner takes the position that the claims are obvious from the art. In this regard, it is 
noted the Examiner acknowledges in rejecting claims 22, 23, 26-28, 3 1 , 32, 34 and 37-39 as 
being obvious over JP '180 that the applied art does not disclose repeatedly melting and 
solidifying. However, the Examiner takes the position that the claimed two step combination is 
obvious. Actually, independent claim 22 has other distinguishing features. For example, 
independent claim 22 requires that the alloy is rapidly cooled to 0°C by quenching in the ice 
water. Contrary to the Examiner's assertion in the second full paragraph under "Response to 
Arguments'* on page 6 of the Action, quenching in iced water is not the same as quenching in 
water. When hot (high temperature) materials are rapidly quenched in iced water, the 
temperature of the quenching liquid is maintained at 0°C until the ice is completely melted. In 
contrast, when quenching in water, the temperature of the liquid rapidly rises since the cooling 
power of water, i.e., the heat capacity of water is significantly less than that of iced water since 
the heat capacity of ice is significantly more than the heat capacity of water per se. 

Further with regard to the foregoing, and with reference to the third paragraph under 

"Response to Arguments" on page 6 of th* Action, the Examiner states "...-the BCC intensity 
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from oil quenching is many times stronger than intensity due to iced-water quenching. 
Furthermore, as compare BCC intensity to C15 and C36 laves intensities that C15 and C36 
laves intensities are appeared as noise level.* 7 
The Examiner's statements are in error 

In general, samples rapidly cooled with a strong cooling power contain fine crystal 
grains and strains induced by rapid cooling. Such fine crystal grains and strains weaken X-ray 
diffraction intensities (see B. D. Cullity, Elements of X-Ray Diffraction, pp. 264-265, Addison- 
Wesley Publishing Co., Inc., Appendix 1). 

With oil-quenched samples, the cooling speed is quite slow, leading to the growth of 
crystal grains and the alleviation of strains. Accordingly, the BCC peak from oil quenching 
becomes higher, 

Iced-water quenched alloys made in accordance with the present invention essentially 
have only the BCC phase while the oil quenched one is contaminated with the C15 and C36 
laves. And in the case of Applicants' claimed invention a BCC monophase alloy is formed 
substantially free of laves phases. 

In the paragraph bridging pages 6-7 of the Action, the Examiner takes the position that 
at the plateus hydrogen gas pressure of 0.4, iced-water quenched sample has less protium 
concentration than oil quenched samples. Again, the Examiner is in error. Referring to Graph 
2, (Appendix 3) black marks (•, A and ■) refer to a process of absorbing hydrogen and white 

marks (o, a and □) refer to a process of releasing hydrogen. 

In general, a material is usually employed as a hydrogen storage alloy within the 
pressures ranging from 0. 1 MPa (about 1 atm) to the upper limit, 10 MPa (about 100 atm). For 
example, when used for powering motor vehicles, the applicable pressure range is from about 
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0,1 MPa (about 1 atm) to about 1 MPa (about 10 atm) (by referring to Graph 2, for example, 
the generally utili2able hydrogen pressure range is from about 0.08 MPa to about 1 .0 MPa). It 
should be noted that, for hydrogen storage applications, the hydrogen-releasing process 
represented by white marks (o, a and a) is important. 

In Graph 2, the plateau ranges from nearly 3.35% to nearly 1.15% for Sample A 

(quenched in iced water). This means that the released hydrogen amount of 2.2 % is achievable 
in this iced-water quenched sample (335% - 1.15% « 2,2%). 

In contrast, that ranges nearly from 2.85% to 1.3% for Sample □ (quenched in oil). This 
means that the released hydrogen amount of about 1.55% only is achievable in this oil 
quenched sample (2.85% - 13% = 1.55%). 

Thus, it is apparent that the utili2able hydrogen amount of iced-water quenched alloy 
sample is greater than that of oil quenched alloy sample. 

It should be noted that the difference of only 0.2 or 0.3% is incredible in this art field. 
Thus, the difference, 0.65%, is an unexpectedly superior value. 

In actual applications, the pressures at or below 1 MPa (10 atm) are applied. 
Accordingly, stored hydrogen can be used from the point at about 3.35% for the iced-water 
quenched sample while from the point at about 2.85% for the oil quenched sample. Thus, the 
iced-water quenched sample is quite advantageous. 

In the paragraph bridging pages 6-7 of the Action, the Examiner also states "At the 
extreme high hydrogen gas pressures, all sample converge to the same protium concentration." 
Again the Examiner is in error. 
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The important measure is not ultimate storage capacity, but rather released hydrogen 
amount (represented by the white marks in Graph 2). 

Therefore, the utilizable hydrogen quantity of iced-water quenched BCC monophase 
sample is significantly larger than that of oil quenched sample. 

In the paragraph in the middle of page 7 of the Action, the Examiner states: "But, 
Figures 9 and 10 have shown no Mo and W would have the same effect. Moreover, assuming 
arguendo that the Figures 9 and 10 have shown Mo and W, but the ranges are not consistent 
with the instant claims." 

For Ti-Cr binary alloys wherein no Mo and W is admixed, the limit is a hydrogen 
absorption capacity of 2.6 mass %, which value the present inventors have been the first to 
achieve by means of the sophisticated production methods of the present invention. When Mo 
or W is admixed at 2%, the hydrogen absorption capacity is increased due to the formation of 
only the BCC phase. Thus, the additive amount at which only the BCC phase can be formed 
gives a maximum hydrogen absorption capacity. 

The reason why the hydrogen absorption capacity (mass%) of W-admixed sample is 
less than that of Mo-admixed sample among alloys with the same BCC monophase structure is 
that the atomic weight of W is 183.36, which is far greater (heavier) than that of Mo, 95.95. 

In Figures 9 and 10, each hydrogen absorption capacity value is expressed by mass %. 
Therefore, when an amount of admixed heavy metal W increases, it is natural that such values 
(mass %) lessen. 

As shown in Fig. 1 of Journal of Alloys and Compounds, 356-357 (2003), pp.447-451, 
(Appendix 2), when each hydrogen absorption capacity value is expressed by H/M (molecular 
weight), the value is constant from 2% to lOV* Mo contents. 
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Since each hydrogen absorption capacity value is expressed by mass % in Figure 9 and 
Mo has the heavy atomic weight, even when the same hydrogen amount is absorbed up to 10% 
Mo content, it appears as if the value decreased. 

With regard to the Examiner's comments in the paragraph bridging pages 7-8 of the 
Action, and the first full paragraph on page 8, it is submitted there is nothing inconsistent. 
Ideally, the most preferable heat-treating period is about 1 minute. The reason is that Ti is 
quite likely to be oxidized in Ti-Cr based alloys. Even under inert gas (such as Ar) atmosphere 
conditions, Ti may react with trace amounts of oxygen, leading to the oxidation of Ti. 

In view of practical hydrogen storage alloy applications, up to 2 hours heat-treating 
period is acceptable because the hydrogen storage capacity is not much changed (reduced). In 
other words, the maximum storage capacity value, about 3.4, is still incredible and greatly 
advantageous for Ti-Cr based alloys over the prior art. The desorbed hydrogen amount value, 
2.34* is also unexpectedly superior to those in the prior ait Ti-Cr based alloys. 

It is clearly seen from Graph 4 that the 2 hours' heat-treatment is acceptable. 

In the paragraph bridging pages 5-6 of the Action, the Examiner states "With respect to 
claim 30, that the claimed 8 atomic % is not considered different from 9 atomic % as taught by 
JP 1 1-106859 because it is well settled that a prima facie case of obviousness would exist 
where the claimed ranges and prior art do not overlap but are close enough that one ordinary 
skilled in the art would have expected them to have the same properties, . . " (underlining 
added for emphasis). 

The Examiner is in error. In the prior art, it was impossible to produce an alloy with a 
hydrogen storage capacity of at least 2.6 mass % or more even when a level of constituent 

element V contained in the alloy mixture is graatly r&duoed to less than 10 at *A ™«wcly 
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zero levels). Simply put there are no reported data and no documents reporting such 
unexpected experimental data with regard to such extremely-low V level alloys in the prior art. 

In contrast, because of unexpectedly and sophisticated production steps of the present 
invention, the present inventors have succeeded in producing alloys with an increasing high 



should be noted that the upper limit of the hydrogen storage capacity levels obtained in the 
prior art JP 1 1-106859 is merely L38 H/M and the lowest level of constituent V in the prior art 
actually disclosed example alloys with data is 19.0 at % (in JP 1 1-106859, the fourth 
constituent element is essential). 

(i) It is apparent that it was impossible to reduce the V level to a zero value or a value 
close thereto while maintaining or increasing the high hydrogen storage capacity in the prior 
art. 

(ii) Within the claimed ranges of V, Mo, or W levels, the present invention provides 
alloys with an excellently high hydrogen storage capacity, supported by data. The hydrogen 
absorption capacity level of 2.6 mass% or higher is incredible for Ti-Cr based alloys over the 
prior art. 

The present inventors are the first to achieve such superior performance for 
significantly-low V, Mo, or W level hydrogen storage Ti-Cr based alloys in the world. 

Quite apart from the foregoing, the Examiner should be aware one of the inventors, Dr. 
Masuo Okada, is considered to be one of the world's experts in materials science, particularly 



hydrogen storage capacity level even when the V level is reduced to nearly 9 at % or less. It 
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The foregoing amendment makes no claim changes that would require further search by 
the Examiner. Accordingly, entry of the foregoing amendment, and allowance of the 
application are respectfully requested. 

Having dealt with all the objections raised by the Examiner, the Application is believed 
to be in order for allowance. Early and favorable action are respectfully requested. 

In the event there are any fee deficiencies or additional fees are payable, please charge 
them (or credit any overpayment) to our Deposit Account No, 08-1391. 



CERTIFICATE OF TRANSMISSION VIA FACSIMILE 



I hereby certify that this correspondence is being sent via facsimile to EXAMINER 
Sikyin Ip of the United States Patent and Trademark Office at facsimile number 
(703) 872-9306, on TWrvf. 3^ <&6M , 2004 from Tucson, Arizona. 
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<trheze 6 the l m^ J -" ; " | t due *© aii*«tional variation in plane "pacing 
Ad/i. Thi w eolation allow* the variation, in strain, Ad/i, to be calculated 
tram the observed broadening. ThU veto* of Ad/ey howww, imdudee 
botli tennis and compressive strain and must be divided by two to obtain 
tee —-*™«*» tentHe strain alone, ot maximuni oompr*s«ive strain alone, 
if these two are attiimml equal. H» maadmnm strain, bo found can tben 
bs mii Wp 1 "^ *7 tha riastfn modulus JT to aive t he mairiromn strew present. 
Ifor example. 
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-Whan an annealed metal or alley *» oold worked, Its dfflraotion Ones 
become broader. This is a weB-esUbliahed, easily verified experimental 
fact, but Ita ff»ri»"^"^ ha« been a matter of controversy. Some investi- 
gator* have felt that tba chief affect of cold work i» to fragment tee 
grain* to a point where their small aiaa alone i» sufficient to account for 
all the observed broadening. Others have concluded that the nonuai- 
formity of «<»fo produced by eold work hi t2ue> nmjor eenae of broadening, 
with grain fragmentation pojetbly a minor contributing cause. Actually, 
it is impossible to generalise, ae different metab and alloys may 

beh*ro quite difftraxtly. By advanced m*thpd* of mathematical analgia, 

it m possible to divide tee obaerved change in line shape produced by eold 
work into two parte, one due to 4na particle ri» and tba other due to 
aonunifona straw, Whan tela to done, it ifl found, for example, that m 
alpha brae* containing 80 percent amo tee obewrved. broadening la due 
almost entirely to nonuniform strain, while in thoriatad tungsten (tung-, 
aton oontammg Q.7o percent thorium oxide) H I* due both to nonuniform 
•tram and fine particle sue. But so example is known where all tee 
observed broadening can be escribed to fine particle tie*. In faot, It is 
difficult to imagine how eold work could fragment the grains .to the 
degree neoeeeary to eauso perticle-aiBe broadening without at the aame 
ihne mtroduemg' nccumiform strafes, in view of the very complex /ones 
that mutt act on any one grain of an aggregate no matte* how simple tee 
forcer appBed'to tee aggregate ae a whole. ..... , 

The broadening of a diffraction line by cald' work cannot always be 
observed by simple inspestion of a photograph unlaw some standard' is 
available for ocartperiaan. ■ However, the' separation, of the Ka doublet 
rbmiahes a vny good internal standard." In tee ba^It«fiootion region, 
an v"****-* metal produces a weu^rawlved doublet, one oocuponent due 
to Kct t radiation and tee other to Ka*. For a given sat of experimental 
^utirinM, the separation of this doublet an tee film is const ant and inde- 
pendent of tee amount of eold work. But as the amount of eold work 
is increased, the broadening increases, until finally tee two components 
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! * Protium absoiptioii-desorption properties of Ti-Cr-Mo bcc solid 

' solution alloys 

A. KamegRWft*, T. Tamura, H. Takamura, M. Okada 
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&y*xjrdx Body cwwred cubic; Scfcd wtatfcn tfloyi; ^ydrcgMi iteajr tltoy; PtoShm; PCT.iJflftaw , ' 



1. Introduction 

Recent interest is hydrogen fad cdl power for emis- 
8Uni»&ee v&hielee has driven- the tavestigatioft of high 
capacity prottom absorbing aUoy* for hydrogen storage. 
Th* oae of such alloys offers several advantages, i refa ding 
compsctoeas, safety, and fiudom ftwn shape constraints. 
' A likely candidate f bf the putpoicto-Alt ocV-basedsolxd 
solatia* alloy "with a body centred cubic (bcc) structure. 
Vanadium tl] or Visaed seficVsolutiens with a bcc 
. strocturo are known to atoorti about 3.8 massft (H/Mhfl) 
of i&ottan (hydrogen atom), sxound gmhirttt temperature* 
Iba and Aklba [2-4] reported feat nrott-ph&dd Il-V-Mxk 
aljoys consisting of ism and bop srfld-rolutian phases 
V. had goc^ dtaoxp^oii capped of nearly « mass* a *a 
' :i^d Akfl?a RS] aUo reported that a Tl-40at*V-35atftCr 
r with * bcc structure could desert) about 24 mass% 
imt We hove investigated YHiyiiy; composition* and 
conditions to increase fee protium capacities 




_ author.. 

'02/$ - toe taut nuter O,200Z6lMFvterB,V*AAEi^fe»ttVved. 



of Ti-Cfc-V eltoy* [6-19], Hie optimum heat-taatocot 
oontfiticAB for this alloy were reported to be annealing at 
1573 K fcf 1 mill, firitowed by qucochingin w^,.Gkaaa 
et sL [6] repotted that the H-Ct-V alloy* with low V, 
content (5-7.S at* V) yield a high *apacity.af needy £ 
maw* pr&timn, which ia the hig&wwt value reported '*) fiur 
at 313 K. The cptUiwm coo»05W«i of-the Ti-Cfr'V^s^ 
wa» also discussed «ttd the alloys with TVCr TBAQtfW 
have a plateau tegion in their PCT curve around 0*1 MPa 
(1 atm) with (be Mgheat capacity d 313 R Theae-aBoy* 
art promising since they contain a, relatively low amotmt 
of expedite vanadium. Since the, bcc alloys wifo to*V 
coated exhibit high capacities comparable to psf^ttn* . 
dinm or V-bascd aEoya, we Wimked ttiat V-fiee .tl-Gr 
alloy* with a boc strvctum might al*0 exhibit *Mfr 
capacity. The equilibrium phase of the Ti-Cr gy^iasja 
bcc soUd-oohition tn a high aad narrow range jbeto w m 
ocogruent melting jioini. ThasScs^ it I* difficnlt?to <*btdn' 
ox^y bcc phaae : fieedag ftom higji tenffi^anne in -thfe 
binnxy allgya. we reported diat tho a ddi ti on of 

Mo to Tl-Cr alloys stabilized the bcc phase ia the'bixway 
phaas diagram, and that addiag Mo to Ti-Cr alloys gryc* 
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Qo^p^ iQ^i^plafiCTregioDA, bntsbo capacities of 3»6 
*ma$s% jaodnm sfetfllar to H-Cr-V alloys [141 
^.He^e ?ro report the pfotHnn absorption-desGrption prop* 
ertie* of TI-Cr-Mo alloys With yarying Mb content and 
TI/O ratio. The cyclic properties of the alloys hob also 
investigated. 



2. Experimental praednres 

The alloys were prepared tern raw materials by arc 
melting 0* * water-cooled coffer hearth under puna argon, 
Tbo purity of the elements was as follows; TJ>99 f 6 at% 
and Cr T Me>99.99 at%» Ia ourpravioiu study, the Ti-Gr- 
V alloy* with added Mo were mainly bee phase, However, 
Mo or xmmelted j|ddm*vet tended to remain in the alloya 
with mora than 10%' Mo. becuuo of tneiybdesnua's 
comparatively* high melting point (i$83 K). Therefore, 
Cr-Mo alloys war* melted fiat, and (ben H-Cr-Mo 
alloys were prepared Sample ingots were rtemelied three 
time* to ensure their homogeneity. To obtain the bee phase 
in the alloys and enhance feu- honttgeadift the samples . 
. were annealed at 1673 K far 1 min, and quenched in tea 

W4tBr» 

Crystal structures and lattice parameters were studied 
with an Jtray dtfitactometer (XRD>uaing OiZa radia- 
tion, PCT curves west measured with a Sievert$-type 
a^aratus at 313 K> Each sample was put into a vessel and 
was evacuated it 313 K for 2 h« using a xocary vacuum 
pomp. The alloys absorb protnun fany at the flrtt hyd tog en , 
charge process, so initial activation treatments were un- 
necessary. Hydrogen was introduced gradually into the 
vessel up to a pressure of 10 MPa. Accelerated cyclic 
experiments were canted out by holding the sample to 30 
aria it 10 MPa R & , followed by evacuation for 1 or 30 
ma. The* evacoation fin- 30 and 1 rexn correspcail to 
reducing the hydrogen* equiBhsunn pressure to less than 
0-001 and 0.07 MPa, respectively, and were called 'cycle 
A* and 'eyel* B*> resp e cti vely. The mtxm particle size of 
the powder samples after die cyefic experiments was 
measured with a laser dif&actioa particle site analyzer. 



3* Remits and dfeceasfan 

Kg.* 1 stows PCT curves of TH6G-;e)Qr-*Mo heat- 
treated alloys C^25> 3* 10, 20* 30, 50X XRD shows 

I me bee phac^. Th* pr^tim* *f f»»» ^fl^m? *"^S flllftyg 
tneressres with increasing Kb content The H/M ratio of 
the alloy wiulessuml0at%MoUashishial.8«lti 
MPa hydrogen pleasure end does not vary with Mo 
content However, the H/M ratio of the alloy with 
than 20 are Mo decreases with increasing Mo content, and 
fro sfrpo of the plateau increases, FUrtherjrnore, die mass' 
coawmlralion of absorbed protiuxn decreases' with increas- 
es Mo content. The mass absorbing capacity rises to a 





tO 2*0 
H/M + ' 

ef 1M«>-x)CmMo «Uoy» 3, 10, 20, '30* 



iEBxmmm value of 3.6 maasft when the Mo content is 
25% Mo, and OA decreases with increasing Mo content 
Fig. 2 shows PCT corves of xTi-C*-25Mx> alloys 
(t-37, 3% 4a 41, 43). XRD showed (hat alloys with more 
tban 39% Tl consist mainly of the bec pha^ but the 37% 
*n alloy oantams the boo phase as n m&] or phase and Levee 
phase 9* a toner one, which is known to abaorb a small 
fanountmf pzotiom at annmd room temperature. Alloys 
I 'ccntawmg mote than 40% Ti abscab protinm op to an 
B/M of l.S v but the capacities of the alloys w$h teas than 
39% Ti oeerease with decreasing 11 content The platen 
pressures of the alloys decrease with increasing Ti content 
end the 40Ti-Cr^2^Mo alloy has the widest plateau 
region in dna study. 




Fig. % PCT carrea of ^H-<tfO-xX^2.5Mo alloys pootn («»37, 39, 
40,41,43);- 
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ProMum Concentration {mass%) 




80 aria tafa* nwownsmant). 

, F5fr 3 ahowaPCT curves of the 40Ti-Cr-2JMo aUoy 
fln y flic first to 300th cycle of cycle A (with* a thorough 
(toarbbft stage). The reason for the large dtttooce of 
reversible capacities between PCT carves far the first and 
eecond cycle Ja fee resetting of the origin of the pcotram 
cbncenteatloii before the second cycle nTBasoiwneiit. White 
tfc|* desoxptien pressure of flu ptaasu ddcre&4«& illgbUy 
pm the first to.sAoond cycle* the absorption pressure 
increases significantly, IK* phenomenon wta alao ob- 
served for the other alloys in this study. However, both th* 
plateau prewar* of flu alloy and the- reversible capacity 
decrease drastically beyond die recond cycle, with a 
redaction from m H/M of 13 to file second cycle' to 1.0 
for the-JOOtb cycle. "Hie hysteresis of tfae cam becomes 
smaller as the imrpborof cycle* increases, 

fig* 4 shows PCT ettrvw of 40Ti-Ciwi5Mb alloy after 
undergoing cycle with its 

campsntivety smeller degoris 
ing procesj. Compared with the rejute in Fig, 3, the 
decnase. in plstem jpmwie is small aad (be zewnfble 
capacity .& laige, Although (he slope of ess deaorpdon 
plateau does apt depend » my ligaificaat degree on the 
"amber of cycles, the plateau region of the abaontkm 
*™ *e«WJ.»2ighQy. Ihe prctbm eeDejomtai of 0 
prottae after the ab«ciptiotMte*<apdan proceu of cycle B 

wove, 1}» diSerencc after cycle A and cycle B li the 
™osatcf protmm In 3 protUte, end fl» lattice panuaeter 
or p proode after cycle A is metier than that atarxyde B. 
Pycle A may cause greater expaajicc end connection of • 
toe lattice with B-t tranafonnflticai &*n eyota B. Aftar 
Cycle A, fee Jample experiences larger tettfce attest than 
°nt after eyele B. If seems likely that die pwtium 



Pracum concentration {ma8$%) 

lor— , j. 




Fig. 4. PCT curvet of 40n-O-2JXfe kSdjb far the Sat; Meant lOOdt. 
I mm before **di roetftUttmBm). 

concentration of p prottde in the ataoiption-^ap^ 
cycle nay cause a decrease of capacity and diffezeogy 
shaped PCT curves for. cycles A and B. 

Fig. 5 shows changes in flic amount of doaoxptfon 
the abicrptkm and deaojptikm prom* of the plateau (b), 
andttean particle size (c) verms the iramber.of cycle?. The 
open and dosed enden (O and •) in the figure represent 
the absorption and absorption processes, respectively, after 
w«al repetittons of cycle A. The open and closed 
irtftQgta (a JUd reprweat the absorpdon and desorp- 
tion pocessea, respectively, after severe! repetitioaia of 
cycle B. Toe amount of deaotptieo ia defined aa flm 
difference in the {xzotinm cooxeatradon at desorprion 
betwi^i 7 and 0.01 MPa. Tht o^sqzpdooDi and the mean . 
particle size vary inversely with the logarithm of the cycle 
mnnber up n> 300 cycles* The particle size ofecxeaacs frnm 
1 to 2 mm befate hydrogenatloa to- less than 50 um after 
d» fiiK cycle. Unto cycle A coafinW flie decrement of 
abaorptiott prcMure up to the 20th cycle is lager than flxat 
of <tea^doa To Investigate tbe relddonshlp betweeo 
, ^*^^?^^^^y flnd^pai^lclc si^ee dctetmined the ^^C^X* cn^rve of 
a sample wifli a mean particle mz* of about 13*8 |un 
(obtained by finding under Ai). We ftmnd that the 
capacity does not directly depend on the particle size of the 
albya, 

1^6 shows XRDpaorais of flie 40Tl-Clr-2^2VIo alloy ' 
after PCT mmaenmt far swjral cycles. AU aamplca 
oontahi about 0^ H/M of residual ptotium after PCT 
BtommamX. AH samples have only a p pxutide phase 
<w**b a b<^ ■tcw««um u ww prorlousiy npoooa mat tbe 
Tt-Cx^Mo.aUoys transftrm from the a phase as protium 
solid WiJutions with a bec structtzre; via a protide phase 
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Protium Concentration (mass%) 



Graph.2 

PTC currcs of *lloy* 

(ail-queochcxl or iced vvBtBrHinencbcd after beat traanem) 1 
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Ti-57.5 Cr-2.5 Mo alloy 




10 too 1000 

hcaMreatmcnt ttme(nila) 



wjrojjcen absorption and desarption characteristics of . 

Mo aUoy where the hc*fc**atmenttima varies at 140 OX 
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ProiObida 1 * reseatch activities address new developments of a wide range of functional 
materials, such as hydrogen~absorbing materials* clcctroceramlcs, and magnetic materials. 

Recently; he saved as a leader of the Japanese national project "New Prothro Function in 
Materials" to explore new, usefUl foacdona of the hydrogen atom in material^ with the budget of 
about 6.5ttiillea dollars, supported hy the Japanese MJnisny of Education, from 1998*2001. Ths 
project was finished wife, great success. The evaluation committee of the na t ional project gave the 
highest evaluation of A to this project One of the distinguished results was that Professor Ofcada 
Successfully developed the Ti-Cr~V or Ti-Cr-M© hydrogen absorbing alloys with 3mt»9sH of 
hydrogen operated below 1 00°C, which is still wof Id record up to now. He gave the invited talks on 
these T5-Cr-V or H-Cr-Mo alloys at the International Symposium of Metal-Hydrogen, which is 
most prestigious international conference for hydrofiftu related materials, at Noosa in Australia cm 
October of 2000, and at Annecy in Prance on September of 2002. . Because of his outstanding 

achievements in the field of developments of new hydrogen absorbing material*, he is rcg&ided&S 
one of the world's outstanding researehexs in hydrogen societies. 
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Research Topics 



Hydrogen Storage Materials 



Hydro^n fftora^ alloys, wh.ch can absorb and desorb hydrogen at room temperature, are promising candidates for use in fxi^l cell electric 
vehicles CFOEVs), fri addition to the FCEVs, these alloys can be used in a variety of devices such as Ni-MH battle* and heat pumps The 
storage capac.ty of the to alloys is interestingly higher than that of pressurized gas cylinders and defied hydrogen, which are sometime 
troublesome to deal with. We are focusing on the development of high-performance hydrogen storage alloys. Specialty for THbased BCC 
alloys and Mg-fcased alloys. 

Ceramics Membranes for Hydrogen Production 



To commercialize fud cells for homo use. it is required to develop hydrogen production technologies that can supply abundant Mgh-purity 
hydrogeru Natural gas reforming .s considered to be a most cost-effective and promising technique for hydrogen production. Instead of a 
steam reformer that have been well established, the purpose of this research project is to develop a high-performance natural gas 
reforming system, in which oxygon permeable ceramics and proton conductors are used for partial oxidation of methane and hydrogen 
separatum, respectively. Th.s system is expected to show higher efficiency compared to endothermic steam reformers. In addition to the 

^T^TT* 1*™*" perr ? eab, f ceramics and proton conductors, the development of catalysts and thin-film fabrication techniques is 

aiso conducted in this research project. 

More detailed information on thi s project can be found here. 

Grain size refinement for Mg-foaed alloys by means of HDDR 



Mff-based alloys have been used in a variety of industrial fields, including automobiles and mobile electronic devices, because of its 
lightweight and relatively high specific strength- However, the further improvement of mechanical properties and formality is required to 
enlarge the appl.cation fields. To do so, in addition to alloy development the grain-size refinement is one of the most effective teohniques 
As a novei gram-size refinement technique, we are looking at the HDDR technology. The HDDR is the acronym of hydrogenation- ' 
alsp^portjonaucnjdesorption-reeombination. This HDDR technique using heat treatment under hydrogen involves the dteproportlonation 
ESS? %T S ^ i 7??^ ? hy< ! rit i" fo,,owed by wombinrtion reaction resulting from the hydrogen desorption from the 

hydrides. The grain , azc oT Mg-AJ-hased alloys subjected to this HDDR treatment, which is well know as AZ-series alloys and usually has a 

f^Ju^f^ IFu 1? k T'u"** ^ 1 dUOed d6Wrt t0 100 nm We are further investigating the nature of the HDDR phenomena 

occurred in the Mg-AI-based alloys and to obtain finer grain sizes. 
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